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In this report I have written a detailed description of the main activity during my 
stay at Guadeloupe which was a controlled greenhouse experiment. This experiment was 
the result of discussions with researchers at Cirad at Montpellier and at Roujol, as well as 
surveys in the related literature. It started in March of 2005 and was finished in September 
of 2005. I have written in a publication format so that it can be seen already as a first draft 
of a future publication. Besides the main body of this experiment I have included the 
literature I believe is relevant to the subject "breeding for water stress tolerance in 
sugarcane". Finally, I have also written my suggestions regarding future activities and 
experiments that I believe can contribute to advance on this subject. 
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INTRODUCTION 
High costs of irrigation, the necessity of cultivating in drier areas and the 
uncertainties posed by world climate change has increasingly demanded breeders to create 
drought adapted cultivars. However, plant drought adaptation is a very complex problem 
that involves not only plant aspects but the interaction of these aspects with specificities of 
the environment where cultivars should be adapted to. Successful cases involve the 
incorporation of water use efficiency into cultivars destined to areas where drought is 
common and predictable (Tardieu 2005), as it is the case of wheat in Australia (Rebetzke et 
al 2002). Nevertheless, drought in an agricultural context can encompass entirely different 
scenarios. One can observe a predictable drought in naturally drier environments like 
certain Australian areas or the Brazilian northeast semi-arid. But drought may occur in 
humid areas as well with a frequency that may cause production losses, as it is the case of 
sugar-cane in Guadeloupe, French West Indies. 
Because trade-offs are rather the rule in plant adaptation, it should be expected that 
the adoption of a single drought adaptation strategy will not be adequate for all 
environments. For example, the trade-off between water use efficiency caused by smaller 
stomatal conductance and biomass accumulation (Condon and Hall 1997) would certainly 
lead to losses in production in humid areas if increasing water use efficiency is chosen as 
the only drought adaptation strategy. Although plants would certainly resist drought by 
presumably saving water during its eventual scarcity by not wasting water through 
stomata, when water is available growth would be limited by the same mechanism that led 
to water resistance, i.e., reduced stomata conductance would also limit the C02 uptake. 
Ideally, plants should be able to behave differently when water is available and when it is 
not available, taking advantage of resources when they are abundant and protecting 
themselves when water is scarce. Thus, a possible strategy for breeding to drought 
tolerance is to focus not in particular traits but in trait responses to environmental 
variables. Trait responses or norms of reaction (Schmalhausen 1949) are known to vary 
within species in nature and in crop species, are usually measured as genotype by 
environment interactions terms in ANOV As and are considered heritable traits themselves, 
subject to natural or artificial selection (Via and Lande 1985). 
Because of possible effects of drought tolerance related traits on production, 
breeding programs aiming the improvement of drought tolerance should take some 
measure of performance as a quantity to be optimized as well. Part of the difficulty in 
reconciling breeding for drought adaptation and the optimization of performance is that we 
currently lack a form to translate changes in particular drought adaptation related traits, 
such as stomatal conductance for example, into an easily measured variable that can be 
seen as a surrogate of production. In sugarcane, for example, the evaluation of a cultivar 
may take several years from incorporating a trait into a cultivar and finally evaluating its 
performance in the field. If breeders could assess the effect of a trait on plant performance 
or at least compare the relative performance of cultivars in different environmental 
conditions, e.g. dry and wet environments, during the breeding process, that would at least 
enable eliminating inadequate genotypes in advance with more efficiency. 
Leaf extension rate (LER) is a trait with the potential to serve as a bridge between 
traits directly related to drought tolerance and plant performance in sugarcane. Water stress 
readily affects LER (Inman-Bamber 1995). LER is a global trait that is a function of 
interactions of many other traits and the environment and, to a certain extent, can be used 
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as a surrogate of performance. Moreover, the response of LER to drought related variables 
in maize was shown to be a heritable trait, being itself a trait with the potential for 
selection. Reymond et al (2004) and Reymond et al (2003) studied the response of LER in 
maize to vapour pressure deficit and soil water potential. Those are two environmental 
variables with the potential of affecting plant performance measured as LER. In ideal 
conditions when VPD and soil water potential are close to zero, LER is always greater than 
if those variables have non-zero values. Reymond et al (2003) and Reymond et al (2004) 
found that the regression of LER on these variables is linear, is heritable and the 
parameters of this regression have significant QTL effects, which confirms the assertion 
that responses or norm o reactions are traits themselves. The great contribution of this 
series of studies is that they were able to express norms of reactions not as discrete 
character states as usual but rather as functions of an environmental variable (see also 
Stratton 1998). With that, one can predict the performance of a genotype (again expressed 
as LER) given a value of VPD or soil water potential. 
Since sugarcane and maize are close relatives, we attempted in this study to 
estimate the parameters of the same functions that were estimated in maize in to sugarcane 
cultivars and a Saccharum spontaneum clone. Following Reymond et al (2004) and 
Reymond et al (2003) methods we experimentally decoupled the effects of soil water 
potential and VPD on LER. This was done by measuring LER at night - when VPD can be 
assumed zero - and varying soil water potential or measuring LER during the day without 
water soil restrictions but varying VPD. Our null hypothesis was that different genotypes 
show different parameters of the functions established by Reymond et al (2004) and 
Reymond et al (2003). 
METHODS 
Experimental design -Three different clones were used for this study. One clone that is 
putatively drought tolerant, ROC 8; one drought sensitive, B69 566; and a Saccharum 
spontaneum clone. The indications of drought responses of these clones were obtained in 
the literature (Shew et al. 1992) and I or field observations. 
Sugarcane stem cuttings of the genotypes ROC 8, B69 566 and a Saccharum 
spontaneum clone were pre-germinated in soaked paper and planted in small pots on 
03/17/2005 and between 03/24 and 03/30/2005. They were treated with fungicide and 
carbofuran against insects and grown in a greenhouse with abundant sprayed irrigation. 
Two experiments (experiments 1 and 2) were prepared in the same greenhouse 
using the germinated stem cuttings. The older plants were assigned for the greenhouse 
experiment 1 and the other plants to experiment 2. 
Each experiment was composed by 100 cut PVC tubes with 20cm of diameter and 
39cm of length. They were placed on a double greenhouse plastic layer and filled with a 
2: 1 mixture of sand and soil ferralitic; 25 1 of mixture per pot. Each experiment is a random 
block design with 5 blocks. Each block consisted in two parallel rows with ten pots each 
placed along the longest side of the greenhouse. Thus, the first experiment was placed in 
front of the greenhouse and the second in the back of the greenhouse. The pots are 
separated from each other by 50 cm from center to center. A corridor of 120 cm wide was 
left between blocks to facilitate measurements. Drip irrigation was used in each pot with a 
rate of 0.5 I/hour for 10 minutes or 83 ml of water at 6am, 8am, 11, am, lpm, 4pm, and 
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Establishing the leaf linear growth period - Leaf extension rate can be measured in the 
same leaf for several consecutive days provided that along these days leaves grow linearly 
if no water restrictions are imposed. This occurs at nigh when plants are irrigated without 
restriction (see below). In order to establish this period we measured leaf size after its 
appearance - from the first visible dewlap to the tip- at 5:40 pm and 6:00 am after 
13/06/2005 of a subsample of 17 plants taken from all experiment 1 plants during 9 days. 
LER was calculated as the difference between evening and subsequent morning 
measurements. Mean night temperature was recorded. A linear model was fit testing the 
hypothesis that LER differed among nights. A second linear model fit was performed 
testing the hypothesis that LER differed among mean night temperature. Because these 
temperatures varied and because temperature affects LER, one should evaluate its effect. 
However, the effects of temperature and night are confounded and one cannot use 
temperature as a covariate in this case. However, if variation in LER is better explained by 
temperature than by night, temperature must be an important factor in LER variation. 
Estimating parameters - The parameters b and c of the equation 
dL/dt = LER = (T-TO)(a + b VPD +c\f') (Reymond et al 2003) 
were estimated in experiments 1 and 2. Where dL/dt is the leaf expansion rate or LER, T is 
the meristem temperature, TO is the x-intercept of the relationship between meristem 
temperature and LER. The parameter a is the LER per unit of thermal time, or the intrinsic 
capacity of a genotype to elongate in the absence of stress. Plants are affected by water 
deficiency in two ways. 1) vapor pressure deficit or VPD can build up as the air dries up, 
and 2) soil water deficits. Therefore, measuring the parameter a requires that neither soil 
water deficits nor VPD are present. Thus, this parameter can be estimated through 
measuring LER at night with well watered soil, provided that night temperatures vary. We 
could not estimate the x-intercept because night temperatures did not vary enough and the 
regression of night LER on temperature was not possible. We used T0=12°C as the x-
intercept based on field estimates of plant growth as a function of temperature. 
The parameter b, or the LER as a function ofVPD, was estimated by measuring 
LER during the day with well watered plants under varying levels of temperature and 
humidity for each genotype as well. The parameter c, or the LER as a function of soil 
water deficits expressed by predawn water potential, was estimated for each genotype 
subsequently after irrigation is halted and different soil water deficits obtained. These 
measurements were performed at night when VPD is assumed negligible. Plants that were 
used to standardize soil water potential as a function of soil water content were not used for 
the estimation of these parameters. 
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The same type of measurements of the experiment 1 was repeated with an 
independent set of the same genotypes on plants at the boom stage. The measurements 
started on 19/08/2005. The dripping irrigation failed for some plants and plants that were 
subject to water stress were not used for the measurements. This includes the plants used to 
standardize soil water potential as a function of soil water content. 
LER - LER was estimated by taking measurements in the evening and in the early morning 
-6:30 am and 5:45 pm in experiment 1and6:30 am and 5:30 pm in experiment 2. The 
difference between experiments is because experiment 1 was performed closer to the 
summer solstice, when day length is longest. It is expected that leaf elongation rate is 
linear during at least 9 days after leaf appearance (see results). Day LER was used for 
VPD/LER regression. Measurements were taken for this analysis between 29/06/2005 and 
0610712005 for experiment 1 and between 19/08/2005 and 23/06/2005 for the experiment 
2. Measurements for the experiment 1 predawn water potential/LER regression were taken 
on 6, 13, 15, 16 and 17/06/2005 after irrigation was differentially stopped on 09/06/2005; 
night LER was used. For each experiment, youngest leaves were chosen at the beginning 
of the experiment and measured along the subsequent days. LER was calculated by 
dividing the leaf elongation of the period by the calculated thermal time of the same period 
using mean meristem temperature as the reference. Meristem temperature was taken from 
plants assigned randomly by 15 m length I 0.5mm diameter copper-constantan 
thermocouples pierced into the plant meristem area; a total of 24 thermocouples, 8 for each 
genotype. Data was recorded in data logger with a multiplexer (CRl OX and AM25T, 
Campbell Scientific, Shepshed Loughborough, UK). Thermal time was estimated by 
integrating the difference between mean meristem temperature and the x-intercept of the 
relationship between LER and meristem temperature of the period. 
VPD-Meristem (thermocouples) and air temperatures and relative humidity (CS215, 
Campbell Scientific, Shepshed Loughborough, UK) and light intensity (PPFD) (Reymond 
et al 2003, Reymond et al 2004) were taken each 600 seconds with a data logger. VPD 
equivalent was calculated was calculated with meristem temperature, air temperature and 
humidity and scaled by PPFD according to Reymond et al (2003) and Reymond et al 
(2004) method. We counted on daily variation of temperature and humidity to create a 
range of VPD values. Water was also sprayed in the greenhouse during some days to help 
broadening this range of VPD values by increasing humidity and reducing greenhouse 
temperature. 
Soil/plant water potential standardization -To assess the effect of predawn soil water 
potential on LER, irrigation were differentially stopped and resulting in plants with 
differential soil water potentials. LER was also based on thermal time and meristem 
temperatures - taken each 600s and recorded in the data logger - used for thermal time 
calculation. For experiments 1 and 2, predawn water potential was assessed indirectly by 
measuring soil water content with a TDR probe (CS616 Soil Moisture Sensor, Campbell 
Scientific, Shepshed Loughborough, UK). This was possible by previously relating values 
ofpredawn water potential and TDR probe measurements. Thirty nine plants sampled from 
experiment 1 and 2 were used. The irrigation of these plants was stopped and predawn 
water potential measurements were taken with a pressure chamber (PMS Instruments 
Corvallis, OR) from a subsample of these 39 plants at different times after irrigation was 
stopped. The soil water content was measured with a TDR probe in the evening before 
pressure chamber measurements were performed. Plants were not used twice for predawn 
water potential measurements. An empirical function (Log predawn = yO + (a/x)), where 
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predawn is the pressure chamber measure, yO is they-value when x is infinite and x is the 
soil water content measured with the TDR probe, was fit relating predawn water potential 
and TDR measurements. These plants were not used in experiments 1 and 2. For predawn 
measurements of experiments 1 and 2, TDR measurements were taken the evening before 
LER measurements and this estimated predawn water potential values were used to regress 
LER on soil water potential. 
Analyses - After calculating LER based on thermal time, LER was regressed on VPD 
(kPa) and predawn water potential (-Bar). The regression was performed such that 
parameters were estimated and the hypothesis that these parameters differ among 
genotypes could be tested by assessing the significance term of the interaction between 
genotype and VPD or predawn water potential in an ANOV A; block was also used as main 
effect. Finally, analyses involving both experiments in a single ANOV A were performed. 
RESULTS 
LER linearity- Leaf length was measured at 5:45 pm and 6:20 am. The night leaf 
extension (LE) was calculated by subtracting the evening length from the next morning 
length. Differences in mean night LE were tested using a one-way anova for each clone. A 
separate analysis was performed using day or mean night temperature as main factors with 
the whole data. Night and mean night temperature are confounded factors and both effects 
were significant. Thus it is impossible to decouple these factors. Our model fitting revealed 
that LE varied significantly among nights (Table 1 ). However, analysis involving mean 
night temperature explained much better the variation in LE than if night is used as main 
factor. This suggests that variation in LE among nights can be accounted partially to mean 
night temperature. Looking at Figure 1, where LE mean and 95% confidence intervals are 
displayed by night, one can notice that apparently smaller values occurred at the beginning, 
when mean night temperatures were closer to 24°C, as oppose to 26°C after day 5. No 
major variance in LE can be noticed from night one to nine. In any case, even if systematic 
errors occur, they should affect genotypes equally. In fact, the interaction terms of both 
analysis - which is what we are looking for - being non-significant indicates that this is 
true. Thus, as long as VPD and predawn water potential is randomly distributed along 
time, using measurements from day one to nine for testing the hypothesis of a significant 
interaction between VPD or predawn water potential and genotype in our main experiment 
should not pose a problem. 
Empirical determination of pre-dawn water potential - We performed an experiment to 
determine an empirical relation between TDR probe value and pre-dawn water potential 
for the soil used in this study. We measured soil water content with the TDR probe and 
subsequently pre-dawn water potential in sampled plants left without irrigation. A 
significant fit of the function f=yO+(a/x) (p = 0.0001), where f is the Log of the predawn 
water potential in -log Bar (-IO*MPa), yO is they-value when x is infinite (yO = 0.0313, p = 
0.75), a is the function parameter (a= 0.0311 , p = 0.0001) and x is the soil water content 
obtained with the TDR probe (Figure 2). 
Experiment I -The leaf extension rate (LER) was calculated based on thermal time using 
12°C as the temperature which plants would stop growing and expressed in mm °C per 
time period. LER was regressed first on VPD values or on soil predawn water potential, 
calculated as described above. VPD varied between days by a combination of day 
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temperature variation due to variable levels cloudiness and the spraying of water on the 
plants in some days. VPD equivalent was measured along six consecutive days (0.9, 0.5, 
1.3, 0.8, 0.5 and 0.2 -kPa) and was calculated based on air and meristem temperatures, air 
humiditiy and is proportional to light intensity as in Reymond et al (2003) and Reymond et 
al (2004). The ANOV A (Table 2) indicates a significant effect and a clone effect. A single 
parameter b = -0.97 (p<0.0001) can be applied for all genotypes because no significant 
interaction was detected. Figure 3 shows that as VPD increases LER reduces as expected. 
LER differed between genotypes particularly due to the greater Saccharum spontaneum 
LER. Here too, day and VPD equivalent are confounded effects. But the predicted effect 
ofVPD on LER are observed in Figure 3. 
The responses of LER calculated based on thermal time to variation in predawn 
water potential estimated with the TDR probe were assessed. Thermal time was calculated 
the same way as the other experiments. The regression ANOVA ofLER in predawn water 
potential revealed significant effects of predawn water potential, clone and the interaction 
between predawn water potential and clone. The effect of predawn water potential 
indicates that, as soil water deficits increases LER is reduced as expected. The clone effect 
indicates that LER differs among clones; here too, the Saccharum spontaneum clone 
presents a considerable greater LER. Finally, the significant interaction term suggests that 
the response of LER to predawn water potential differs by genotype. Compared to the 
other two genotypes, ROC8, the genotype putatively more water stress tolerant, showed a 
less steep decline ofLER (c = -0.89, p<0.0001) than the S. spontaneum clonz (S. 
spontaneum = -1.21, p<0.0001). Slope differences between clones B69 566 and ROC8 
were not significant (post-hoe test). The Saccharum spontaneum clone responded to 
predawn water potential quite closely to the clone B69 566 and differed significantly from 
the ROC8 response to predawn water potential. So, the significant interaction term was 
due to differences between the clones Saccharum spontaneum and ROC8. Another 
important aspect is that the interaction is caused by a convergence of LER as predawn 
water potentials become more negative. The x-intercept, or the predawn water potential 
when LER is zero, does not seem to differ among clones. Day and predawn water potential 
was not confounded in this experiment because we measured predawn water potential of 
every single plant and did not take the mean predawn water potential of the period as it 
was done with VPD. 
Experiment 2 - The analysis and conduction experiment 2 was identical to experiment 1 
for VPD and predawn water potential. We calculated VPD equivalent along five 
consecutive days (1.6, 0.41, 1.27, 0.67 and 0.32 -kPa). The linear model fit produced 
highly significant VPD equivalent and clone effects. However, the interaction was not 
significant (Table 3). Figure 4 shows that, as well as in experiment 1, LER decreases as 
VPD increases. Despite significant clone effects are present in both experiments, in 
experiment 2 it can be observed a greater differentiation between clones ROC8 and B69 
566. ROC8 seems to show a greater LER than B69 566. Genotypic responses to variation 
in VPD are very similar. Like in experiment 1, regression lines parallel each other quite 
closely. But in this experiment, the y-intercepts differ significantly among clones (post-hoe 
test). Because the interaction term was not significant, a single parameter b = -0.65 
(p<0.0001) was estimated for all clones. 
The predawn water potential analysis (Table 3b, and Figure 5) in experiment 2 
reflected quite closely the analysis of experiment 1 except that the interaction between 
predawn water potential and clone was not significant. As expected, a significant predawn 
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Saccharum spontaneum clone. Interestingly, x- intercepts should also differ between 
Saccharum spontaneum clone and the other clones. Because the interaction term was not 
significant, a single parameter c = -0.43 (p<0.0001) was estimated for all clones 
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Join analysis of experiments 1and2-The analysis of both experiments in a single 
ANOV A shows a large effect of experiment on LER, indicating a significant reduction of 
LER as the plants grow older (Table 4 and Figures 3 and 4). This was likely the cause of 
the significant predawn by experiment and VPD equivalent by experiment interaction; 
higher LER without water restriction in experiments. The close to significance three way 
interaction in the predawn water potential experiment is likely a result of the fact that there 
was a significant clone by predawn in the first experiment but not in the second 
experiment. 
DISCUSSION 
We have performed two independent experiments testing the hypothesis that leaf 
extension rates (LER) responses to vapor pressure deficit (VPD) and soil predawn water 
potential differ among three sugarcane clones. These clones were selected for this 
experiment based on anecdotal and literature information that they possess different 
characteristics regarding the sensitivity to drought stress. While the clone B69 566 is 
notorious in the Guadeloupe island to be drought sensitive, Roc8 is pointed in the literature 
to be drought tolerant (Shew et al. 1992). We also added a Saccharum spontaneum clone 
because sugarcane wild types are expected to be drought tolerant. Its inclusion was an 
attempt to broaden the genetic variation among clones so that inferences at the species 
level could be made. 
An important aspect of the experimental method was to measure LER in units of 
thermal time (mm °C/ time period). This is a form of scaling growth taking into account 
the fact that the same plant grows faster in higher temperatures. In other words, within a 
given period of time, the same plant grows proportionally to how higher the environment 
temperature is when compared to the temperature which the plants stop growing; here 
assumed to be 12°C. Thus, a plant at 28°C during six hours will have the same leaf 
extension as a plant at 20°C during 12 hours because 20°C is the halfway between 12°C 
and 28°C. 
As expected, one can observe a strong effect of both VPD and predawn water 
potential on LER. However, the effect of soil water potential on LER is much larger than 
the effect ofVPD (Fugures 3 and 4) (see also Nable et al 1999 and Inman-Bamber and 
Jager 1986 a and b) As the environmental water potential is reduced, plants respond 
accordingly and reduce their LER. The significant clone effect is driven primarily by the 
greater LER of the Saccharum spontaneum clone. This clone has thin long leaves and 
stems compared to the cultivated clones. Roughly, the leaf morphology of the two 
cultivated clones resembles each other closely. However, LER drops considerably as plants 
get older and thicker. Apparently age plays an important role on LER. There is a (non-
measured) negative correlation between LER and plant age. However, in spite of the 
measures of VPD and predawn water potential within an experiment having been 
performed subsequently, the values of LER without water restriction were very similar. 
This can be observed by comparing y-intercepts ofVPD and predawn measures within the 
same experiment (Figures 3 and 4). Well watered plants grow at night-when VPD 
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approaches zero - at the same rate that well watered plants grow during the day when VPD 
is low. Differences in LER will appear with age, but it is required more than two weeks for 
these differences to become evident. Thus, values of LER can be safely compared across 
plants that differ in age by one leaf, but plants with more than two weeks of difference in 
age should not be compared. 
The homogeneous response of different sugarcane cultivars to VPD is somewhat 
surprising. In maize Reymond et al (2003) and Reymond et al (2004) observed sigriificant 
differences in such responses. Our sample size was large and the measurement method 
precise. Sugarcane possesses a system that actively maintains leaf water potential (Inman-
Bamber and Smith 2005.). Sugarcane leaves, despite ofrolling when soil water potential is 
very low, never wilt. This system may explain inexistent differences in LER to variation in 
VPD in both experiments; once there is water in the soil, water is efficiently provided to 
the meristem region. Another fact that may have contributed to the absence of LER 
differential responses to VPD is that sugarcane meristems are hidden within the leaf whorl 
and well protected to the external environment. Presumably, even when VPD is high, the 
meristem area is maintained saturated with water. 
The interpretation of LER differences between genotypes when VPD and predawn 
water potential is fixed requires caution. Other factors than water seems to influence LER, 
like age or perhaps morphology; the Saccharum spontaneum clone grows faster apparently 
because leaves are thinner. It is therefore the difference in the response to water 
availability which is informative when using LER as a response variable. However the 
only significant interaction between VPD equivalent or predawn water potential and LER 
we have obtained was in the experiment 1; the interaction between predawn water potential 
and LER was significant. This interaction existed because the Saccharum spontaneum 
clone and Roc8 had conspicuously different LER when water was available, but as the soil 
dried up LERs of all clones converged. This means that all clones have statistically 
indistinguishable x-intercepts. This also means that, at that particular age, the LER of all of 
them is zero after -0.5 or -0.6 MPa. -0.5 MPa is actually the value recommended in the 
literature to start irrigation in sugarcane (Gaudin et al. 1998). On the other hand, in 
experiment 2, the presence of a significant clone effect and the absence of an interaction 
between clone and predawn water potential (see Figure 4) suggests that the Saccharum 
spontaneum clone can continue growing at more negative soil water potentials than the 
cultivated clones in an older age. Thus, it seems that this is an ability acquired by the wild 
type at the boom stage. Among the cultivated clones, no difference in the response to 
predawn water potential was observed in both experiments. However, one can observe that 
after the -0.5 MPa is reached, the B69 566 plants showed much clearer signs of stress than 
Roc8 plants; they were yellowish and drier than Roc8 plants (J. Sambatti pers. obs.). This 
suggests that Roc8 putative mechanisms of drought tolerance are related to its capacity to 
maintain phyisiological processes under low soil water potentials and not to its responses 
to soil water potential. 
From a breeder perspective, the ideal type of response to be selected should involve 
differences in x-intercepts or the predawn water potential which plants stop growing. We 
have found it in the experiment 2 with the S. spontaneum clone. The question that remains 
is: can one incorporate its ability of growing in drier soils into cultivated cultivars without 
transforming them into a wild type genotype? If so, that would presumably result in a 
flatter response curve, which, despite showing lower LER when water is available (broader 
leaves?), the x-intercept would be significantly more negative than -0.5MPa. The 
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evaluation of genotypic and physiological trade-offs is fundamental to answer this 
question. The experimentation using segregating populations, where traits are more 
independent, is a feasible alternative to evaluate the effects of morphological and 
physiological traits on plant responses. Another alternative is to create a set of 
experimental genetic material by back crossing and selection of particular traits. Each 
genotype of this material should differ from each other only by the selected trait ( ceteris 
paribus). This would be a more rigorous way to understand the effects of each trait on 
plant performance under water stress conditions. 
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This study was a first attempt to evaluate LER responses to drought related 
variables in sugarcane. An issue that remains to be answered is: to what extent can one 
generalize our results. We have used clones from two cultivars and a wild type clone. It is 
perfectly possible that more conspicuous differences in LER responses to the tested 
environmental variables exist in some genotype. However, the fact that the wild type 
presents such a similar response to the cultivated ones suggest that this may be a rare case. 
Our intention when including a wild genotype was assessing not only the possible 
differences between a tolerant and a sensitive genotype but also to have an idea of the 
range of variation within species. Cultivated sugarcane is the result of a recent interspecific 
hybridization and few generations of recombination have passed since this first event. It is 
possible that there is simply a very narrow genetic variation to drought tolerance in 
sugarcane. If this is the case, it would be of interest to assess wild relatives adapted to 
drought environments with potential to broaden the genetic variation of breeding 
collections regarding the variables measured in this study. 
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TABLES AND FIGURES 
Table 1-ANOVA table of two linear model fitting using clone, block, night and mean 
night temperature as main effects and night leaf extension (LE) as the response variable. 
Source DF Prob > F 
Clone 2 <.0001 
Block 4 0.0022 
M Night Temp 1 0.0022 
Clone*M Night Tern~ 2 0.8305 
Source DF Prob > F 
Clone 2 <.0001 
Block 4 0.0021 
Night 8 0.0195 
Night*Clone 16 0.8431 
Table 2a-ANOVA table of the linear model fit. Analysis involving block, clone, and 
interactions in experiment 1. 
Block 
Clone 
VPD equivalent 
VPD equivalent * Clone 
DF Prob > F 
4 0.55 
2 <0.0001 
1 <0.0001 
2 0.72 
Table 2b -ANOVA table of the linear model fit. Analysis involving block, clone, 
predawn water potential (Predawn) and interactions in experiment 1. 
DF Prob > F 
Block 4 0.04 
Clone 2 <0.0001 
Predawn 1 <0.0001 
Predawn * Clone 2 0.04 
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Table 3a-ANOVA table of the linear model fit. Analysis involving block, clone, and 
interactions in experiment 2; 
Block 
Clone 
VPD equivalent 
VPD equivalent * Clone 
DF Prob > F 
4 0.0003 
2 <0.0001 
1 <0.0001 
2 0.09 
Table 3b -ANOVA table of the linear model fit. Analysis involving block, clone, 
predawn water potential (Predawn) and interactions in experiment 2. 
DF Prob > F 
Block 4 0.039 
Clone 2 <0.0001 
Predawn 1 <0.0001 
Predawn *Clone 2 0.1731 
Table 4a-ANOVA table involving experiments 1and2 on the effects ofVPD on LER. 
Source 
Block 
Clone 
VPD equivalent 
Experiment 
VPD equivalent*Clone 
VPD equivalent*Experiment 
Clone*Experiment 
VPD eguivalent*Clone*Experiment 
DF 
8 
2 
1 
2 
2 
1 
2 
2 
Prob > F 
0.0722 
<.O 001 
<0.0001 
<0.0001 
0.3582 
0.0230 
<0.0001 
0.3345 
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Table 4b - ANOV A table involving experiments 1 and 2 on the effects of predawn water 
potential on LER. 
Source 
Block 
Clone 
Predawn 
Experiment 
Predawn*Clone 
Predawn*Experiment 
Clone*Experiment 
Predawn*Clone*Experiment 
OF 
8 
2 
1 
2 
2 
1 
2 
2 
Prob > F 
0.0055 
<.0001 
<0.0001 
<0.0001 
0.1259 
<0.0001 
0.0017 
0.0608 
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Figure 1- Night leaf extension (LE) mean and 95% confidence intervals across 9 nights 
including all clones. 
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Figure 2 -Empirical Relation between TDR Values and Pre-dawn Water Potential. 
Function f=yO+(a/x), where f id the Log of the Predawn Water Potential in log Bar (10 
MPa), yO is the y-value when x is infinite, a is the function parameter and x is the Soil 
Water Content. 
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Figure 3 - Scatterplot and linear fit ofLER per clone (mm °C I time period) on VPD 
equivalent (-kPa) and predawn water potential (-lO*MPa or -Bar) in experiment 1. 
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Figure 4 - Scatterplot and linear fit of LER per clone (mm °C I time period) on VPD 
equivalent (-kPa) and predawn water potential (-lO*MPa or -Bar) in experiment 2. 
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FOLLOW UP SUGGESTIONS 
I propose the following alternatives for future research and activities at Cirad: 
1) Capacitate Cirad to perform physiological measurements. This includes essentially 
the analysis of leaf gas-exchange with some machine like Ciras or Li-Cor. Other 
important parameters that also require some investment are the plant osmotic 
potential (osmometer), leaf water potential (pressure chamber), and leaf 
morphology traits. 
2) Create genetic material specific for the study of water relations. Those include 
segregating populations from genotypes that are known to be adapted to different 
environments (this includes wild relatives), clones that differ in particular putative 
drought adaptation traits only after backcross and selection. That requires of course 
the characterization of clones in the search of differences to perform the crosses. 
This would be a sketch of a protocol. Choose one cultivar to be the standard. 
Identify cultivars that differ in osmotic potential, stomatal conductance and other 
traits of interest. Back cross with the standard cultivar and select for the particular 
trait. After some generations of back cross, one would expect a set of clones that 
differ roughly on one trait only. Later on, some very rigorous experiments can be 
performed. 
3) Plan greenhouse experiments focusing on the effect of soil water potential on LER. 
This seems to be the environmental variable with the potential to create different 
selectable responses on sugarcane. A segregating population could be used for that. 
One could estimate the parameter c (following Tardieu's equation) for each clone 
of the segregating population and regress the estimated parameter on measured 
traits such as stomatal conductance, leaf area, specific leaf area and osmotic 
potential. One recommendation I have for this sort of experiment is regarding the 
soil. I used a mixture of two parts of sand and one part of soil ferralitic. The reason 
for that is that those were 25 1 pots. If I used too much clay soil, that would take 
weeks to dry during the experiment. So the mixture drying pattern was a fast drying 
until it reached the soil in the soil ferralitic. After that, the soil did not dry up too 
fast, but the soil water potential varied too fast with a few loss of water. That 
reduced a bit the precision of the experiment. Thus, one should try finding a soil 
(perhaps an artificial one) with a smoother relationship between soil water content 
and soil water potential than the soil ferralitic. That would improve the precision of 
predawn water potential measurements. 
4) Another experiment that can be performed is to plant several clones in those tubes 
used in the experiments above. Then, after three or four months stop irrigation and 
follow the soil water content with the TDR probe, testing the hypothesis that the 
soil drying rate differ among clones. That would give us an idea of the water use 
efficiency without assessing directly the stomatal conductance. A potential problem 
of this experiment is that larger plants would tend to spend the water faster. Thus, 
some form of scaling has to be taken into account; perhaps measuring total leaf area 
per plant. This would get around a little the absence of a machine to measure 
stomatal conductance directly. However, in an ideal situation, comparing the 
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results of drying rates with stomatal conductance would provide a better picture of 
plant water use. 
5) My observations during the above experiment indicate that, among the two studied 
cultivated clones, even though LER responds similarly to soil water potential, 
drought tolerance of the putative more tolerant cultivar (Roc8) appears to be related 
to its capacity to retain its physiological functions under low soil water potentials. 
This is a research avenue that can be better explored. Measuring physiological 
parameters before and after the -0.5 MPa limit in some clones seems a reasonable 
methodological alternative. Here are two hypotheses to explain variation in plant 
status under low soil water potentials that can be tested as proposed above: a) 
Tolerant plants shuts the stomata as soon as soil water potential reaches -0.5 MPa 
levels, while sensitive plants keep stomata open and therefore continue wasting 
water to the environment when it is not available. b) tolerant plants show lower 
osmotic potential (more negative) particularly at lower soil water potentials, which 
presumably allow them to retain water in their tissue better than plants with higher 
water potentials. 
6) Given the constancy ofLER responses to VPD across very different genotypes, this 
approach should be left aside (at least for a moment). Other avenues ofresearch can 
be more profitable. 
7) If field experiments are to be performed, the construction of rain shelters is 
absolutely necessary. Drought in Guadeloupe is unpredictable and there is no way 
to plan a serious field experiment under these conditions. 
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